Objective-To determine the clinical and bacteriological features of infective endocarditis in the elderly. Design-Prospective case series. Setting-A university hospital that is both a referral and a primary care centre. Patients-114 consecutive patients treated for infective endocarditis from November 1990 to December 1993: 25 were > 70 years of age (group 1) and 89 were < 70 years old (group 2). Results-Location of infective endocarditis, clinical signs, and symptoms were similar in the two groups, except for a lower occurrence of embolic episodes in the elderly (group 1: 8%, group 2: 28%; P < 0-04). A higher rate of infective endocarditis on intracardiac prosthetic devices was noted in group 1 (group 1: 52%, group 2: 25%; P < 005). The distribution of causative micro-organisms showed a higher proportion of bacteria from the gastrointestinal tract in the elderly (group D streptococci and enterococci: 48% in group 1 v 20% in group 2) and the presumed portal of entry was more often digestive (group 1: 50%, group 2: 17%; P = 0*01). Elderly patients were less often operated on (group 1: 24%, group 2: 43%; P = 0.07) and their mortality rate was higher (group 1: 28%, group 2: 13%; P = 0.08).
changes in epidemiological and clinical features of infective endocarditis. In the 1950s,' its incidence was maximal in 20-30 year old patients and only 5% of patients were over 60. Nowadays,2 3 the incidence of infective endocarditis has increased dramatically in patients older than 50 years, reaching a peak at 70-74 years. As life span is progressively increasing, this trend is likely to continue. From the clinical standpoint'6 the diagnosis of infective endocarditis is often more difficult in older patients because some of their symptoms (asthenia, anorexia, weight loss, presence of a cardiac murmur, and so on) may be erroneously attributed to the "old age", or because some signs can mimic those of other diseases. Therefore it seemed worthwhile to analyse potential age related distinctive features of infective endocarditis with respect to clinical variables, bacteriological data, and in-hospital course.
Methods
From November 1990 to November 1991,3 a prospective survey of infective endocarditis was conducted in three administrative regions of France. All patients treated for infective endocarditis during this period in our region (Lorraine, 2-3 million population) were included in the present study. In addition, from November 1991 to December 1993, prospective recording of infective endocarditis continued in the cardiology department and the department of infectious disease of the only university hospital of this region, using the same inclusion criteria. This hospital is both a tertiary referral centre for the region and a primary care centre for the local population. All patients who were considered to have infective endocarditis by their attending practitioners and treated for infective endocarditis were included. Two groups were considered with respect to age: group 1 patients were 70 years of age or older, and group 2 patients were under 70 and over 15 years of age. For each patient, the following data were recorded: age, sex, known pre-existing heart disease, previous episode of infective endocarditis, site of infective endocarditis, presence of fever, auscultatory change or extra cardiac manifestations, echocardiographic data, number of blood cultures performed and number of positive blood cultures, responsible micro-organism, presumed portal of entry, duration of initial hospital stay, need for surgery, and death. In addition, all cases were classified according to the Duke criteria.7
STATISTICAL ANALYSIS
Quantitative variables were compared using Student's tests; X2 or Fisher exact tests were used when appropriate for qualitative variables comparison. A P value < 0 05 was considered significant. In addition, in order to assess the specific role of age on in-hospital mortality, a multivariate (stepwise regression) analysis including all the variables that were shown to be different between the two groups (age, 10 (47-6) Streptococcus bovis (n = 8) Enterococcusfaecalis (n = 2)
Cardiobacterium hominis (n = 1), Campylobacterfetus (n = 1), Corynebacterium jeikeium (n = 1)
15 Streptococcus bovis (11) Enterococcusfaecalis (3) Enterococcusfaecium (1) 27 (35-1) aureus (n = 18), epidermidis (n = 5), hominis (n = 1), xylosus (n = 1), coagulase negative (n = 2) 19 (24-7) mutans (n =2), milleri (n= 1), sanguis (n = 10), mitis (n = 4), unspecified (n = 2) 10 (13-0) pneumoniae (n = 3), group B (n = 4), group G (n = 1), non-identified (n = 2) 6 (7-8) Coxiella burnetii (n = 2), Bacillus pumilus (n = 1), Propionibacterium acnes (n = 1), Gemella haemolysans (n = 1), Candida sp (n = 1) The distribution of underlying heart disease was significantly different between the two groups. Infective endocarditis on intracardiac prosthetic devices (valve prostheses or pacemakers) was more common in group 1 than in group 2. The location of infective endocarditis was similar in the two groups (table 1) . No group 1 patient and four group 2 patients had been operated on during the two months before the episode of infective endocarditis (NS). Two group 1 and six group 2 patients had a history of previous infective endocarditis (NS). The two groups did not differ with respect to the presence of fever, auscultatory changes, and extracardiac manifestations (table 2) . Among extracardiac manifestations, the only significant difference between the two groups was the three times lower incidence of embolic events in group 1. Although there was a trend toward a lower rate of vegetations in the elderly, echocardiographic findings were not significantly different between the two groups (table 2).
The total number of blood cultures (6-8 (table 3) .
A presumed portal of entry was reported in 14 group 1 patients (56%) and 60 group 2 patients (67%) (NS). Their distribution was similar in the two groups except that a digestive portal of entry was more often found in group 1 (7/14 in group 1 v 10/60 in group 2; P = 0-01). Only five group 1 patients were drug addicts (table 4) .
The mean duration of hospital stay was 59 (27) days in group 1 and 58 (34) in group 2 (NS). At the end of the initial hospital admission, six group 1 patients (24%) and 38 group 2 patients (43%) had undergone valve surgery (P = 0-07). Indications for surgery in group 1 were persistent fever in two cases, heart failure or significant regurgitation in three cases, and for both reasons in one patient. In group 2, 21 patients were operated on because of haemodynamic disorders; these were associated with persistent infection in nine other patients. High risk of embolic events led to surgery in three patients, associated with heart failure in two, and with persistent fever in two others. In Selton-Suty, Hoen, Grentzinger, Houplon, Maignan, J)uilliere, et al this subset of patients who were operated on, responsible micro-organisms were distributed as follows: group 1, staphylococci (2), streptococci (2), Cardiobacterium hominis (1); there was one negative blood culture; group 2: staphylococci (12), streptococci (21); there were five negative blood cultures. Seven group 1 patients (28&0%) and 12 group 2 patients (13-5%) died in hospital (P = 0-08). Of patients operated on, three group 1 patients (50%) and six group 2 patients (16%) died in the postoperative period (P = 0 09).
Multivariate analysis showed that age (P = 0-02) and the presence of at least one vegetation at echocardiography (P = 0 04) were independent risk factors for fatal outcome. Discussion Diagnosis of infective endocarditis often remains difficult, and practitioners are sometimes prompted to diagnose and treat patients on the basis of clinical and bacteriological findings, even when they do not fit a validated diagnostic classification. Our population was selected according to that pragmatic scheme. When retrospectively applying the Duke criteria,7 none of our patients was rejected, confirming the appropriate clinical relevance of these new definition criteria.8 In our study, the lower percentage of definite infective endocarditis in the elderly is, from the evidence, due to the lower rate of valve surgery in this group resulting in the absence of histological confirmation of infective endocarditis.
Age has already been proven to be an important risk factor for infective endocarditis. In a community cohort,9 the incidence rate ratio was of 8-8:1 for age of 65 years or older versus less than 65 years. The mean age of patients developing infective endocarditis is notably increasing over time: about 30 years in the 1950s,' 50 years in the 1980s,'°01 and 55 to 60 years in the most recent studies.2 3 The changing pattern of underlying heart disease may be the most relevant explanation for this trend.58 Population aging is responsible for increasing numbers of people with atheromatous and calcific valve disease. The decreasing incidence of rheumatic fever has resulted in a decline in new cases of rheumatic heart disease. Finally, the implantation of intracardiac prosthetic devices has became increasingly frequent in recent years. Other factors such as increasing incidence of nosocomial bacteraemia and an impaired host immune system in the elderly may also contribute. Whether antibiotic prophylaxis is correctly prescribed in the elderly may also be questioned.
Despite the lower male to female ratio in the elderly, the proportion of men with infective endocarditis remained high in our study group 1, suggesting that male gender may be an independent important risk factor for infective endocarditis.
The distribution of underlying heart disease showed a significantly higher rate of infective endocarditis on intracardiac prosthetic devices in the elderly. This probably results from the high prevalence of prosthetic valves in elderly patients, who more often need medical care and are consequently more likely to undergo invasive procedures than younger patients. Elderly patients with intracardiac prosthetic devices should be considered at high risk for infective endocarditis.'2 13 Among clinical features described in infective endocarditis, the only age related characteristic was the lower rate of emboli in the elderly. This relation between age and peripheral embolisation was previously noted by Sanfilippo and Werner.'3 14 This may be related to the lower rate of vegetations in the elderly, which might be due to the specific distribution of micro-organisms in this population. In fact,'5 Steckelberg has already shown that vegetations were less frequent in cases of endocarditis due to Staphylococcus aureus, enterococci, and nonenterococcal group D streptococci, which were the most frequent causative micro-organisms in the elderly in our study.
One of the most important findings in our study was the high percentage of infective endocarditis due to group D streptococci or with a digestive portal of entry in the elderly. The high prevalence of Streptococcus bovis endocarditis in the elderly and its relation with preexisting bowel lesions have been described in previous studies.'2 '3'lSl8 Furthermore, enterococcal endocarditis, which is commonly related to a urinary tract or gastrointestinal source, often occurs in old patients and is frequently nosocomial.'9 In addition, Chen reported that patients with nosocomial endocarditis tended to be older than those with community acquired endocarditis.20 Accordingly, an appropriate antibiotic regimen using ampicillin or glycopeptides rather than penicillin might be recommended in those patients until the results of blood cultures are obtained.
Our 15-8% rate of cases with negative blood cultures is another point for discussion. This is higher than found in other recent series.2 However, the 1% rate of blood culture negative infective endocarditis recorded by van der Meer et al is obviously related to their study's case recruitment design, which was based on the positive blood cultures found by microbiologists. Besides, a survey conducted in France during the same period and a recent German series found a similar rate of 14%. 13 21 This higher rate was mostly explained by the high frequency of antibiotic administration before drawing blood cultures; the responsibility of poorly growing bacteria was only marginal, although serological testing for those organisms was not exhaustive.
Age remains an independent factor in mortality among the whole population. However, the management of infective endocarditis differs in elderly versus younger patients. As could be anticipated although rapid surgical intervention is increasingly advocated for infective endocarditis-elderly patients are less often surgically treated than younger patients. This restricted usage of surgery in elderly patients is probably responsible for the poor initial prognosis observed in our series as well as in others.122223 In the recent study of Werner, the frequency of surgery was comparable among the different groups of age,'3 and the global mortality was not different in these groups, even though the mortality of medically treated patients older than 70 years was relatively high (75%).
CONCLUSION
The role of micro-organisms originating from the gastrointestinal tract should be especially considered in infective endocarditis in the elderly. The prognosis of infective endocarditis is worse in the elderly than in younger patients. Therefore, efforts should be made towards better prophylaxis: detection of colonic lesions,'4 use of antibiotic prophylaxis especially in gastrointestinal investigations, and prevention of nosocomial infection by proper use of invasive procedures in an aged population. Increased use of surgical procedures may also improve prognosis in the elderly.
